Pseudomonas as Causative Agents of Fluorescence in Anguispira kochi (Pfeiffer) Mucus by Baum, John Michael
Eastern Illinois University
The Keep
Masters Theses Student Theses & Publications
1971
Pseudomonas as Causative Agents of Fluorescence
in Anguispira kochi (Pfeiffer) Mucus
John Michael Baum
Eastern Illinois University
This research is a product of the graduate program in Zoology at Eastern Illinois University. Find out more
about the program.
This is brought to you for free and open access by the Student Theses & Publications at The Keep. It has been accepted for inclusion in Masters Theses
by an authorized administrator of The Keep. For more information, please contact tabruns@eiu.edu.
Recommended Citation
Baum, John Michael, "Pseudomonas as Causative Agents of Fluorescence in Anguispira kochi (Pfeiffer) Mucus" (1971). Masters
Theses. 3997.
https://thekeep.eiu.edu/theses/3997
PAPER CERTIFICATE 
TO: Graduate Degree Candidates who have written formal theses.  
SUBJECT: Permission to reproduce theses. 
The University Library is rece1v1ng a number of requests from other 
institutions a s king permission to reproduce dissertations for inclusion 
in their libra r y  holdings . Although no copyright laws are involved, 
we feel that professional courtesy demands that permission be obtained 
from the author before we allow the s e s  to be copied. 
Plea se sign one of the following statement s .  
Booth Libra r y  of Eastern Illinois Univer sity has my permission to 
lend my thesis to a reputable college or univer sity for the purpose 
of copying it for inclusion in that institution's library or r esearch 
holding s .  
I r e s pectfully request Booth Libra r y  of Eastern Illinois Univer sity not 
allow my thesis be reproduced because 
����--������������
Date Author 
/L81861-C57X8347>C2/ 
Ps eudomonas a s  Causative Agents of Fluorescence 
in Angui spira kochi (Pfeiffer) Mucus 
(TITLE) 
BY 
John Michael Baum 
THESIS 
SUBMITTED IN PARTIAL FULFILLMENT OF THE REQUIREMENTS 
FOR THE DEGREE OF 
Master of Science 
IN THE GRADUATE SCHOOL, EASTERN ILLINOIS UNIVERSITY 
CHARLESTON, ILLINOIS 
1971 
YEAR 
I HEREBY RECOMMEND THIS THESIS BE ACCEPTED AS FULFILLING 
THIS PART OF THE GRADUATE DEGREE CITED 
i"� J1 f '11 I 
DATE I 
!��/VI 
The und ersigned, appointed b y  the Head of the Department of Zoology 
have examined a thesis entitled 
P s eudomonas as Causative Agents of Fluo r e s c ence 
in Anguispi ra kochi (Pfeiffer) Mucus 
P r e s ented b y  
John Michael Baum 
a candidate for the deg r e e  of Master of Science 
and hereby certify that in their opinion it is acc eptable. 
ACKNOWLEDGMENTS 
I dedicate this thesis to my wife, Roberta Sue, who se 
understanding and uns elfishne s s  has made the completion of my 
graduate work pos sible; and to my parents, ¥r·. and Mrs. 
John A.  Baum, for giving me what they never had - an opportunity · 
to obtain a college education. I hope this thesis can in some way 
repay the s e  people for their sacrifices made on my behalf. 
I am indebted to m y  advisor, Dr. Hugh C .  Rawl s,  for his 
guidance in the conduction of my re search and for his overall 
concern about my entire g raduate program. I wish to thank him 
and the other memb e r s  of my g raduate committee, Drs. Richard C .  
Funk, William J. K eppler, and Garland T. Riegel, for their sugg e s tions 
and corrections of the manuscript· I owe many thanks to Mr. Laurence 
E. C rofutt for his advice and the materials u s ed in the bacteriological 
study. I acknowl edge my friend and colleague, Roger L. Yates, for 
his as sistance in reco rding the ab sorption spectra. 
i 
TABLE OF CONTENTS 
Arstract . . . . . . . . . . . . . . . .  •, . . . . . . . . . . . . . . . .  . iii 
Introdu'ction 1 
Materials and Methods 13 
Results . . . . . . . . . . . . .  '• . . . . . . . . .  . 20 
Discussion 25 
C onclusions 33 
Literature Cited . . . . . . . . . . . . . . . . . . . . . . . . .  . . • . . . . • . . . . 34 
Table and Figures 
ii 
ABSTRAC T 
The mucus from land snail specimens of Anguispi ra kochi 
collected from Coles and Edgar counties,  Illinoi s,  emits a blue 
fluores c ence when exposed to ultra-violet light. P s eudomonas ,  a 
genus of bacteria which produces fluorescent pigments, has been 
isolated from the mucus of the s e  snail s .  The object of the study was 
' 
to compa r e  the fluorescence of the mucus from individuals of A .  kochi 
with the fluor e s cence of the pigments produced on a s ynthetic medium 
by pseudomonads isolated from the mucus of these snails.  An effort 
was made to establish that P s eudomonas is the causative agent of 
fluores cence in the mucus of.!:._: kochi b y  comparing the physical character 
and the spectrophotometric records of the two sub stanc e s .  The pigment 
produced by these bacteria and the fluores cent substance in the mucus 
were identical in regard to dialysi s,  withstanding high temperatures,  
and solubility in the 18 solvents used.  Differences in fluo res cent color 
were explained experimentally. The absorption curve of the bacterial 
pigment (maxima at about 2 6 5  and 400 nm} was similar to that of the 
A. kochi mucus (maxima at about 2 6 5  and 3 8 5  nm}. The results from the 
study indicate that P s eudomonas i s  the causative agent of the fluor escence 
in the mucus of A .  kochi. It i s  plausible that the mucus of thes e  snails 
contains the appropriate nutritional requirements which allow the bacterial 
to produce diffusible pigments tha·t fluo r e s c e  under ultra-violet light. 
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INTRODUCTION 
The mucus from living specimens of thr e e  endodontid species 
and the a,.lcohol used to prese;rve specimens of these and other· specie s 
of the family has b een found to emit a blue fluor es cence when expo sed 
to ultra-violet light (Rawls and Yates, in pre s s ) .  A survey of the 
literature has revealed no prior work directly related to investigating 
i 
the mechanism re sponsible for fluor escence of this nature in gastropo d s .  
Investigation has shown Ps eudomonas, a g enus o f  bacteria capable of 
producing fluorescent pigments (Br.eed, Murray, and Smith, 1957),  to 
b e  pres ent in the mucu� of Angui spi ra alter_nata, A ngui spira kochi, and 
a non-fluo re scent species of the Polygyridae, Mesodon �roidus. Ward et 
al. (1967) reported the use of ultra-violet light fo r the detection of 
fluorescent pigment producing pseudomonads in burn wound infections of 
man, thus illustrating that fluoresc ent pigment production can occur in 
living ho'sts.  Therefore, it is plausible that the mucus of certain snails 
contains the appropriate nutritional requirements which allow t�e s e  
bacteria t o  produce diffusible pigments that fluoresce under ultra-violet 
light. 
The obj ect of this study. was to compare the fluo resc enc.e of the mucus 
from individuals of A. kochi with the fluores cence of the pigments produced 
on a s ynthetic medium by ps eudomonads isolated from the mucus of these 
snails. An effort was made to establish that Ps eudomonas is indeed the 
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causativ� agent of fiuo rescence in the mucus of A .  kochi and perhaps 
ii) the mucus of other snails ex�ibiting the same phenomenon. This was 
acifieved by comparing the physical character and spectrophotometric 
records  ·of the two substances. 
Michej da (1958),  Michej da and Urbanski (1958),  and Wright (1959,  1964) 
d e scribed chromatog raphic studies using the ninhydrin and ultra-violet 
patterns of snail mucus for taxonomic purpo s e s .  Michej da (1958)  found 
I 
the ninhydrin and ultra-violet patterns of the mucus similar to thos e  of 
the foot. Wright (1959)  discovered that the substances producing the 
fluo rescent pattern are not derived ·from the snail ti ssues proper but from 
body su�face s ec r etions� ; and that, before running chromatograms of three 
species of Limnaea, two mucus spots fluoresced blue and one fluore sced 
yellow, the concentration of the mucus being re sponsible for the diffe rence. 
McG ee (1964) extracted from the egg s of T egula funeb ralis a crude green 
pigment which partitioned into zeaxanthin, lutein, alpha-carotine, . and an 
unknown g reen pigment with an attached protein. The last pigment had 
absorption maxima at 640 and 273 nanomete r s  in the oxidi zed state and 
273 nrri in the reduced state, with 273 nm being near the peak of coenzyme Q, 
a quinone found i n  aerobic bacteria and invertebrates.  
From the foot of  Monodonta turbinata, Bannister, Bannister, and 
Micallef (1968) i solated a green pigment which had abso rption maxima at 
680 and 370 nm, and inflections at 440, 330,  an·d 270 nm in methanolic 
hyd rochloric acid. Rawls and Yates (in p r e s s )  reported that when the mucus 
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of A .  alternata, A .  kochi, and Di scus patulus is exposed to ultra - violet 
light, a blue fouo res cence i s  emitted.  They hypothesized that thi s 
chlracteristic may be 'common to the entire Endodontidae·. Rawls and 
Baum (iri p r e s s )  also reported a blue-g r een fluoresc ence in live and 
pres erved specimens of Mesodon clausus, the only species of the 
Polygyridae known to exhibit fluores cenc e .  
Wright (1959)  reported that the biochemistry of mucoid sub stances 
in snails has not been studied to any great ·extent; his own work indicated 
the p r e s ence of an amino sugar in the mucus of Limnaea palustri s .  He 
stated that other workers have extracted glucosamine, manno s e ,  and 
galacturonic acid from the mucin of snail rriucus and galactogen from the 
albumen glands and egg capsules of Helix pomatia. Using the mucus of 
the giant slug, Ariolimax columbianus, Taylor (1963)  found protein, 
polysaccharide and inorganic ions, with glucosamine and fuco se making 
40 per cent of the macromolecular substance. 
Pigment production of P s eudomonas species has been investigate d .  
B r eed� al. (1957) d e s cribed the bacteria a s  straight, soil or ·water 
i nhabiting rods which may produce diffusible pigments which vary from 
fluorescent green through blue, violet, lilac, r o s e ,  and yellow. Elliot (1958) 
demonstrated that riboflavin was ab sent as a fre e  component of the bacterial 
pigment complex. Chodat and Gouda (1961) found several genetically .linked 
pigmented substanc es posses sing a common chemical skeleton in culture 
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filtrates .of P s eudomonas fluor e scens. De Ley (1964) reported that 
P s eudomonas· produces phenazine pigments including pyocyanin, 
chl�roraphin and oxychlororaphin, phenazine alpha-·ca rboxylic acid, 
iodinin, "indig0idine1 brown pigments, and fluorescent pigments who s e  
biological function i s  not clearly known but appear to play a role in 
electron transfer. In regard to fluorescent pigments, he reported that 
some workers believed a pterine and a flavine were r e sponsible for . a 
blue and yellow fluo rescence re spectively, while another worker suggested 
phenazine-1-ol as the fluorescent compound. Newkirk and Hulcher (1969) 
made an amino acid analysis which 'showed serine, threonine, glutamic 
acid,  and lysine to compri s e  2 6  per cent o(the fluorescent molecular 
mass of the pigment. 
The fluor escent water- soluble pigment produced by Ps eudomonas 
has been called a variety of names b y  different author s. Its physical 
and chemical nature as well as its fractions have only recently begun to 
b e  elucidated. Jordan (189 9 )  and Sullivan (1905) refe r r e d  to the sub stance 
simply as "the fluorescent pigment." Burton, Campbell, and Eagles (1948 ) ,  
King, Campbefl, and Eagles (1948 ), Totter and Mos eley ( 1953) ,  King, Ward, 
and Raney (1954), and Lenhoff (1963) all used the term "fluor e scin. "  
Elliot (1958)  felt 1'pyoverdine" should be used because it sp ecifically 
identified the bacterial pigment complex. Osawa et al.. (1963) identified 
two substances, "Fluorescence I" and "Fluo r escence II, " from the 
bacterial pigment. Fluorescence I was the main constituent of the 
5 
fluores c�nt pigment produced by the strains studied (Osawa et al. , 1964). 
Later, Osawa· et al . (1965) crystallized a non-fluo resc ent "C-substance" 
frofu Fluo r e s c ence II. Newkirk and Hulcher {1969)  isolated "Compound I" 
from the· pigment produced by- P .  mildenbergii . 
There i s  a variance of opinion among workers concerning the 
substanc e s  necessary for fluorescent pigment production by P s eudomonas 
species . U sing strains of P .  fluores cens, Jordan (18 99) devised a n:edium I 
containing asparagine with sulfur and phosphorus of which the bases were 
considered unimportant. Sullivan (1905)  found that P .  aeruginosa, grown 
on a medium of asparagine, magnesium sulfate, dipotassium hydrogen 
phosphate, and glycerine proved to produce ·pyocyanin and a blue-green 
fluorescent pigment. He discovered that the carbon contained in sugars 
a.nd glycerine added bacterial pigment formation and that sulfates,  a high 
phosphate content, and alkalinity were �ecessary for the development of 
blue-green fluorescent pigments. Georgia and Poe (1931) used P. fluores cens 
and found that magnesium, sulfate, a;nd pho sphate s  are neces sary inorganic 
constituents for fluores cent pigment production. Georgia and Poe (1932),  
comparing peptones a s  suitable agents of support for the production of 
fluorescent pigments, found considerable variation in composition and 
discovered that some peptones lacked the neces sary constituents required 
for pigment production. Burton� al. (1948) noted that at high concentrations 
of phosphate, there was a decrease in the formation of py�cyanin and a 
proportional increa s e  of pyoverdine. Using P .  aeruginosa, King et al. (1948) 
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conclud ed that the magnesium ion was e s sential for pyoverdine production; 
that the formation of pyoverdine depended upon the concentrations of 
dipotas sium hydrogen phosphate and iron; that although the sulfate ion was 
not e s s ential for g rowth. its pres ence was required for pyoverdine 
production; and that the production of pyoverdine could be maintained at 
a high level over a wide range of magnesium. phosphate. and sulfate 
concentrations. In their development of Medium A for p yocyanin 
enhancement and Medium B for pyoverdine enhancement. King et al.· (1954) 
found a sparagine to be unnecessary and a g r eater production of pyoverdine 
to occur when the phosphate concentratio� was increased. Pigment 
production was increased b y  the addition of gluco s e  to the medium and 
influenced by the type of peptone u s e d  (Kluyver. 1956) .  _A glutamic acid 
medium compos ed of sodium glutamate. potassium dihydrogen phosphate. 
magnesium sulfate. and sodium chloride was developed by Osawa' s (1963) 
co-workers who felt thi s medium gave more di stinct color tones than did 
the A and B media developed by King et al. (1954).  
Pigment production appears to be influenced by the concentration of 
the medium. Simpler modifications of media promoted pigment production 
(Jordan. 1899). and even if the nece s sa.r y  constituents are pres ent. 
fluo rescent pigment production will not occur if the organisms a r e  grown 
on a highly concentrated medium (Georgia and Poe. 1932) .  
The p r e s ence of acid appeared to  inhibit the production of  pigment 
by affecting the metabolic activities of the bacteria rather than interfering 
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with the pigment proper, for the pigment is  not d e stroyed by the acid 
once it i s  formed (Jordan, 1899).  Slight alkaline o r  acidic changes of 
the media had little effect on pigment production but g r eat variations in 
either direction resulted in a colorless g rowth (Sullivan, 1 9 0 5 ) .  The 
optimum pH for fluor e scent pigment production appea red to be in the 
neutral range. Georgia and P o e  (1931) used
. 
a pH range of 6. 8 to 7 .  2 for 
the media in their research. In another study, Georgia and Poe (1932)  
found a pH between 6.  9 and 7 . 1  gave optimum fluor e s c ent pigment 
production. King et al. (1954),  found a final pH of 7 .  0 and 8 .  0 to b e  
satisfactory for the determination o f  pyoverdine o n  Medium B substantiating 
O sawa e� al. (1963)  who used a pH of 7 .  2 in their study. 
Iron appear s  to be of g r eat importance in the formation of pyoverdine. 
Burton et al. (1948) noted maximum bacterial g rowth and an app_reciable 
production of pyoverdine in media free of ferrous sulfate. King et al . (1948) 
stres sed that the amount of iron added to media must be minimal. Iron and 
pyoverdine combine to form part of a respiratory cytochrome; in the absence 
of iron, the pigment i s  useless  and is excreted into the medium (K�ight, 1951 ) .  
Totter and Moseley (1953)  found an inve r s e  relationship to exist between 
available iron and fluor e s c ent pigment production. They thought pyoverdine 
to be a substitute for iron- containing cytochromes when a forerunner of the 
cytochromes i s  absent. Garibaldi and Neilands (1956) found that P s eudomonas 
has given no visual evidences of the formation of iron-binding agents. 
Lenhoff (1963) obs e rved that when P .  fluor escen s  was grown at high oxygen 
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tension (constant aeration) and in the absence of iron, large amounts 
of pyoverdine were produced, while l e s s  than 0 . 1 p e r  cent protein was 
attributed to cytochrome c; at low oxygen tension (no aeration) with 
iron, cytochrome c c·omposed 3 .  5 per cent of soluble cellular protein 
with minimal pyoverdine production. Kraft and Ayres (1964) counted 
over one million cells per milliliter be�o r e  the pigment became apparent 
and conclu�ed that all of the iron in the medium had to b e  utilized b y  the 
organisms before pyoverdine would b e  produced.  Wass erman (1964) 
found the ferrous ion to be utilized in pigment formation and believed 
that the bacteria reduce the iron r"rom the fer ric state to the ferrous state 
when it s erves as the chromogen for compounds formed in metabolism. 
Garibaldi (1967) di scovered that a totally iron-free medium will not 
support ps eudomonad growth, for it is  an absolute requirement of enzyme 
s ynthesis;  and that conalbumen, an iron-binding egg white protein, wa s 
responsible for an increase in pigment production. 
The fluorescent color of pyoverdine appears to vary slightly with 
the speci es of Ps eudomonas producing it and the conditions under which 
the organisms are grown. When P .  ovalis was grown aero�ically in 
asparagine broth and examined under a black light, Elliot (1958) saw the 
top few milliliters become yellow and later diffuse throughout the entire 
medium; but when grow� anaerobically, small quantiti es of blue 
fluore scing pyoverdine were produced. He discovered that the yellow-green 
fluorescence changed to blue when the pigment was diluted. Paton (1959) 
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found that the pres ence of the fluo rescent pigment was not dependent 
upon being visibl e  to the naked eye. Kraft and Ayres (1961) found 
P .  �eruginosa to fluore sce a b right blue-greeri when g rown in asparagine 
broth. Fluorescence I, i solated by Osawa et al. (1963),  appeared as a 
brilliant blui sh-white under ultra-violet light and a yellow -green under 
ordinary light. Two parts of Fluorescence I, flµorescent blue and 
ye�low- g reen sub stances separated by gel filtration, were shown to pe 
the same compound (Osawa et al. , 1964). The Fluorescence II fraction 
was yellow-b rown in visible light and a fluore scent yolk-yellow under 
ultra-violet light (Osawa et al. , 196S). C ompound I, elucidated by 
Newkirk and Hulcher (1969) emitted an inten.se blue-green fluorescence 
when expo s ed to ultra-violet light. 
Color change s  of pyoverdine due to the alte ration of pH have been 
found to be reversible (Jo rdan, 1899; Sullivan, 1905;  Elliot, 1958; 
Wasserman, 1965; Newkirk and Hulcher, 1969) .  The fluo rescent pigment, 
in a study by Young (1947), fluoresced an orange when acidified and a · 
blue-green when neutralized.  Elliot (1958) made a study of visible and 
fluorescent color chang es when the pH of the pigment wa s altered. Changes 
in the tone of Fluorescence I as well as the ultra-violet absorption, 
fluorescent character, and the electrophoretic pattern due to pH alterations 
w e r e  noted by Osawa et al. (1964), who also ob s e rved that the fluo rescent 
yellow-green portion of Fluore scence I was very bright at a pH of 8 .  6 and 
changed to a blue fluorescence at a pH of 7 .  5 .  Was se rman (1965)  noted 
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that of?- pH of 9. 8, the fluorescent color wa s yellow-green or blue -green 
and when acidified, ranged from blue at a neutral pH to blue-white, white, 
whitish-orange, or orange at a pH of 2 .  0. Newkirk and Hulcher (1969) 
noted that the blue-green fluore scence from P.  mildenbergii wa s mo st 
strongly colored at  a pH from 7 .  0 to .9 . O. 
Hugo and Turner (1957) isolated a soil ps eudomonad, the g r een 
fluores cent pigment of which had absorption maxima (405-414 nm i.n an 
alkaline solution, shifting to 360- 380 nm when acidified) that were identical 
with E: aeruginosa, P .  eis enbergii, and P. fluorescens and corresponded 
to tho s e  of phenazine-1-ol, C rude· pyoverdine, dis solved in water, gave 
absorption maxima at 400 nm and 275 nm '(Elliot, 1958) .  The absorption 
maxima of pigments produced by P. aeruginosa grown in asparagine broth 
gave peaks at 410 and 270 nm, and at 4 0 5  nm for P .  fragi (Kraft and 
Ayres, 1961).  The abso rption maxima for Fluorescence II wa s at 360 nm 
(O sawa et al. , 1963 ).. Both the blue and yellow-g reen portions of 
Fluorescence I had absorption maxima at 400, 260,  and 2 3 0  nm at a ·pH 
of 7 .  0 (Osawa et al. , 1964 ) .  The ultra-violet absorption maxima of 
the C - substance were found to b e  at 346, 2 5 6, and 210 nm (Osawa et al . ,  
1965) .  Was s erman (1965)  found that the absence of an absorption maximum 
at 405 nm was related to the disappearance of visible color and attributed 
the absorption peak at 2 6 0  nm to nucleic acids liberated into the culture 
media by the degradation of non-viable cell s .  · C ompound I, isolated by 
Newkirk and Hulcher (1969), had absorption maxima at 402 and 278 nm when 
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the pH was 7 .  O; in 0. 1 M sodium hydroxide, maxima of 401, 311-312, 
and 278 nm were obtained; and in 0. l M hydrochloric acid, the maxima 
shifted to 370- 376 and 277 nm. 
Discoveries concerning the relationships between other bacteria 
and · the pigment produced by P seudomonas have been reported. Bacterial 
i nhibiting substances have been noted in the fluor e s c ent pigment of 
P s eudomonas (Young, 1947). Chmura and Pelczar (1959) observed that 
when P .  aeruginosa was grown in conjunction with Seratia marcescens,  
enhancement of the ps eudomonad pigment occurred. 
Species of P s eudomonas, some of them pigment producing, appear 
to b e  established inhabitants of a variety of marine mollu s c s .  Colwell 
and Liston (1960)
. 
found that the P s eudomonas/Vibrio g roup was the larg est  
single bacterial group inhabiting Pacific oyster s ,  C ras sostrea gig a s .  
Pigment producing strains o f  P .  fluo rescens have b e en i s olated from 
Cyclostoma elegans and C .  sulcatum by Mahdihas san (1961) who found 
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that the �acterial g rowth of these strains was kept under control in the 
molluscan hosts.  Colwell and Liston (1962),  in an extensive bacterial 
stu�y of marine vertebrates and invertebrates, discovered that 48 per 
cent of the total bacteria found in the invertebrate group were P s eudomonas; 
a bacterial flora consisting of P s eudomonas and Achromobacter was found 
i n  the snail, Lambis lambis,  and the squid, Loligo opalescens,  of which 
8 9  per cent of the P s eudomonas speci e s  from the squid produced a g.reen 
fluorescent pigment in culture; and in ..£: gigas ,  P s eudomonas was one 
of the predominant genera isolated from the body tis sue and flui d s .  
Surianinova (1962) isolated P seudorrionas from the surface and various 
body parts of Mytilus galloprovinciali s .  Beeson and Johnson (1967) 
found that clams in the genus Donax contained P s eudomonas and Vib rio 
as their bacterial s ymbionts .  Although P s eudomonas appears to b e  one 
of the pr edominant groups of bacteria found in marine molluscs, no 
discoveries regarding fluorescence in these mollus cs was reported by any 
of the preceeding authors.  
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MATERIALS AND METHODS 
Specimens of A. alternata, A. kochi, and M. thyroidus were 
collected from the south- eastern and south-western borders o� Foley ' s  
Woods, near Paris,  Illinois ,  and from the north- eastern and south-
eastern borders of Fox Ridge State Park, eight miles south of Charleston, 
Illinois .  Mucus extractions were taken with a bacterial transfer loop 
' 
I 
from two individuals of each species collected at the four locations. This 
m ethod of mucus extraction was utilized throughout the study. A loopful 
of mucus was streaked for obtaining isolated colonies (Pelczar and Reid, 
1965)  on Petri plates containing Medium B (King et al. , 1954).  This 
procedure was repeated the following day using the same snails, yielding 
48 inoculated plates, two per snail. Medium B was made in the following 
manner: P roteo s e  Peptone #3 (Difeo), 2 0  gm. ; Glycerine, 10 ml. ; 
K2HP04, 1 .  5 gm. ; MgS04, 1 .  5 gm. ; Agar, 1 5  gm. ; Distilled water, 1, 000 ml. ; 
and pH adjusted to 7.  0- 7 .  2 .  For liquid media, the· agar was omitted. 
After 48 hours, the colonies that fluoresced under a UVSL 13 
combination ultra-violet light (Ultra-violet Products Inc . )  were isolated 
in pure culture by r e - str eaking i solated colonies at least three to four 
cons ecutive times during which no foreign bacterial growth was detected. 
A gram stain of each pure culture was made as a primary test for purity 
and a means for g r o s s  identification. Bacto-Differentiation Disks, Oxidas e  
(Difeo) (Difeo Supplementary Literature, 1966)  were also employed as a 
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means fo! ·determining the identification of the bacteria. The isolated 
bacteria w e r e  identified as memb e r s  of the genus, P s eudomonas .  The 
pu)e isolates of P s eudomonas were streaked on nutrient agar ( Difeo) 
slants and refrigerated for storage. 
All of the cultures used in the inve st�gation were grown at room 
temperature without constant mechanical aerati?n· Capall or Kaput (B ellco) 
caps enclosed the 16 mm. culture tub e s .  Before inoculating any media 
for experimental purposes,  .each of the P s eudomonas isolates used in 
the investigation were transferred from the slants and grown in 3 ml. of 
nutrient b roth (Difeo) for 48 hour s .  · To obtain a simultaneous g rowth of 
all the cultures isolated from a particular s'nail species,  a loopful from 
each of the 48 hour ps eudomonad suspensions was taken and inoculated 
into a common culture tube containing 3 ml. of nutrient b roth. The 
bacteria in thi s suspension were then immediately inoculated on the 
experimental medium. Jordan (18 99)  and Sullivan (1905)  found that da ylight 
will cause the decomposition of pyoverdine. Therefore, all fluorescent 
pigments produced by the P s eudomonas isolates were stored in a dark 
place. Those cultur e s  isolated from specimens of A .  kochi were the only 
ones used except where otherwise indicated. 
To compare solubility properties between the bacterial pigment and 
the fluorescent pigment in the mucus of A .  kochi, P s eudomonas cultures 
w e r e  grown simultaneously for several days i n  .culture tubes containing 5 ml. 
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of  liquid Medium B .  Pigment production i n  the s e  tube s  was checked 
both visually and under ultra-violet light. Mucus from several specimens 
of A. kochi was dis solved in 10 ml. of distilled water and fluores cence 
checked under ultra-violet light. Both the bacterial suspension and the 
mucus solution were centrifug�d in a Sorvall super speed centrifuge at 
13, 500 RPM for 30 minutes.  Several drops of e�ch fluores cent supernatant 
were added to test tube s  containing a number of solvent s .  The tub e s  were 
gently shaken and then examined under the ultra-violet light to determine 
' 
whether the fluoresc ent substanc es were soluble in the given solvents . 
A s  a s econd experimental method, mucus was quantitatively 
extracted from snails using a medicine dropper calibrated with one ml. 
r 
of water. This s erved to quantify the volume of mucus extracted from the 
snai l s .  A total of one ml. of mucus wa s taken from seven specimens of 
A .  kochi and dis sovled in 5 ml. of 0. 01 M phosphate buffer, pH 7 .  0 .  The 
i solates were grown in 3 ml. of Medil.�m .� for s everal days and then 
added to 2 ml. of the buffer.  B oth solutions were centrifuged at 13, 500 
RPM for 30 minutes.  More buffer was added to each supernatant, bringing 
the total volum·e of each to 10  ml. The fluorescent solutions were then 
put into dialysis bag s and suspended in 40 ml. of the phosphate buffer 
contained in a sealed 2 5 0  ml. flask. The dialytic property of the solutions 
was ob s e rved under ultra-violet light. 
Bacteria isolated from A .  kochi were all inoculated in a common 
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tube of nutrient broth and then streaked on three plates of Medium B 
to obtain solid masses of growth. After 72 hours, the bacteria were 
scraped from the plates with a clean glass slide and placed in a tube 
containing 10 ml. of distilled water. The tube wa s covered with Parafilm 
(American Can C o . ) and aggitated until a homogenous suspension was 
obtained. The suspension was centrifuged and 0.  1 N HCl a.nd 0. 1 N NaOH 
were added to 3 ml . portions of the supernatant to ob.tain pH ' s  of 4.  0, 
7.  0, 10. 0 on a B eckman Z eromatic II pH meter.  The same procedure 
wa s followed for a 1 :10 dilution of the supernatant and for one ml . of 
mucus obtained from a total of six specimens of A. kochi dis. sol"'.'ed in 
10 ml. of distilled water. This solution was also centrifug ed.  The pH 
o f  the mucus was recorded before the pH chang es were affected by the 
HCl and NaOH. Ob s ervatio ns were made of the fluo r e scent color chang e s  
d u e  to alterations o f  pH and dilution. 
P s eudomonad isolates obtained from A .  kochi were grown 
simultaneously in culture tubes of Medium B for s everal days until pigment 
produ�tion was evident. Additional mucus samples obtained from several 
specimens of A. kochi were dis solved in water and poured into a culture 
tub e .  0 Each of the cultur e tubes was autoclaved at 2 5 0  C .  at 15  lb s .  for 
15 minute s .  The fluorescent substances were then observed under ultra-
violet l�ght. 
In an effort to determine any visible difference in pigment production 
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b etween tho s e  bacteria i solated from A .  kochi and from M. thyroidus, 
cultures isolated from the two snail species were grown independently 
on
.
plates of Plate Count Agar {Difeo), 1% Tryptone. {Difco) Agar, and 
O. 5% Peptone {Difeo) Aga r .  After 48 hours, the cultu r e s  were examined 
visually and under ultra-violet light to determine whether any extraordinary 
pigment production had occurred. 
For the spectrophotometric study, pigments produced by the 
Pseudomonas isolates and tl'l;e mucus solutions from A .  kochi, 
M .  thyroidus, and specimens of Liguus from Florida were compared.  
Mucus solutions from M. thyroidus and Liguus were studied 
spectrophotometrically to provide records for comparison of non-fluor e s c ent 
mucus to tho s e  of A .  kochi and the bacterial pigment. A total of one ml. of 
mucus was extracted from six specimens of A. kochi and diluted in 10 ml. 
of the 0 . 01 M phosphate buffer. Also,  s everal loopsful of mucus from 
other individuals of A .  kochi w e r e  diluted in 4 ml. quantiti es of standard 
buffer solutions {Sargent-Welch) at a pH of 4. 0 and 10. 0 .  A total o f  one ml. 
of mucus from seven specimens of M. thyroidus ·and a total of one ml. 
from two specimens of Liguus were each added to 10 ml. of the phosphate 
buffer. Individual Petri plates of Medium B were inoculated to obtain a 
solid mas s  of g rowth with each isolate. A suspension of nutrient broth . 
containing all of the 48 hour isolates was also inoculated in the same manner 
to obtain a simultaneous growth of the organisms. After 72 hours, clean 
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glass slides were used to scrape the bacteria from the plates and to 
place the scrapings i n  tubes containing 10 ml. of the three buffers. The 
tub�s were covered with Parafilm and shaken vigorously to obtain 
homogenous suspensions. All of the mucus and bacterial suspensions 
were c entrifug ed at 13, 500 RPM for 30 minutes. In most cases, repeated 
c entrifugation was necessary. Phillips (1964) stated that aliphatic ethers 
are transparent except for some possible end absorptio.n . Therefor�. 
ether was added to prevent bacterial growth in those solutions containing 
the phosphate buffer. In solutions containing the other two buffers, the 
addition of ether was not nec essary 'because spectrophotometric recordings 
. 
were made immediately following centrifugation. In addition to these 
solutions, the supernatant containing the phosphate buffer with pigments 
produced b y  all of the Pseudomonas isolates from A .  kochi was added to a 
M .  thyroidus mucus solution in proportions of 1: 3, 1:1, and 3:1. Absorption 
spectra were recorded on a B eckman DB-G spectrophotometer. The 
phosphate buffer with ether was used as a reference in recording all 
absorption spectra at a pH of 7. 0, and the two other buffers were used 
when spectra were run at their corresponding pH. 
Haynes (1951) stated most fluorescent pseudomonads will not grow 
at 37°C. and Schneierson, Amsterdam, and Perlman (1960) used varied 
amounts of chloramphenicol to prevent pigment production by P .  aeruginosa 
, 
i n  culture. Therefore, efforts were made to prevent bacterial growth 
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and/or pigment production in live specimens of A .  kochi by temperature 
control and by the use of chloromycetin (chloramphenicol ) .  Mucus was 
extracted prior to each expe riment to diminish the amounts of bacteria and 
pigment already present. Mucus was extracted from three specimens of 
A .  kochi before the snails were placed in an oven at 37°c. In a second 
effort, mucus was extracted from two specimens and solutions of 30 mg. 
chloromycetin per one ml. of water and 7. 5 mg. per one-half ml. of 
water were administered into the apertures of the snails .with a pipette. 
These two snails were turned to their apertures faced upward to prevent 
the chloromycetin solution from draining out of their aperatures before 
they w e r e  observed 18 hours later. 
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RESULTS 
The mucus from A. alternata and A .  kochi was viscous and 
contained a visible ambe r  pigment. A brilliant blue fluoresc ence 
was emitted when mucus from· specimens collected during the summer 
months was exposed to ultra-violet light. R ecent inve.stigation has 
shown the mucus from specimens of A. alternata collected at Fox 
Ridge during Spring to fluo r e s c e  blue-g reen. When most of the mucus 
. 
had been extracted from any particular individual of the s e  two species,  
the amber color disappeared and the mucus became less  viscous. The 
blue fluo rescence did not appear to be affected �y the disappearance of 
the amber color or the viscosity change of the mucus. The mucus from 
M. thyroidus was not viscous nor was it pigmented, and no fluo r e s c ence 
could be detected when the mucus was exposed to ultra-violet light . 
. . 
Bacteria which produce fluores cing pigm_ents were isolated from 
the fluores cent mucus of A. alternata and A .  kochi as well as from the 
non- fluo res cent mucus of M. thyroidus. All of the bacteria that produced 
fluorescent pigments on Medium B were gram negative rod s  and oxidase 
positive. These characteristics a r e  indicative of the genus, P s eudorriona s .  
A total of 63 fluor es cent isolates were obtained from the mucus of the 
three snail species.  Twenty isolates were obtained from A. alternata, 
22 from A. kochi, and 21 from M. thyroidus . Differenc e s  in habitat 
did not appear to affect the fluo r e s c ence in the snails o r  the s nail-bacteria 
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relationship. 
When g rown on solid o r  in liquid Medium B, mo st of the 
i s oi!ates produced a blue-green fluor e s c ent pigment, but some colonies 
produced fluo res cent blue or yellow- g reen pigments when grown on 
agar plates of Medium B .  I t  was impo s sible to g roup the colonies by 
their fluor e s cent pigment because distinct color demarcations could 
not be mad e .  The pigment produced by all of the isolates wa s yellow­
green in daylight and diffused evenly throughout the agar plates of 
Medium B. In culture tub e s  of Medium B, the pigment had the same 
visible color but wa s formed near the surface of the medium. 
Both the fluo r e s c ent pigment in the mucus of A .  kochi and the 
pigment generated b y  the bacteria i solated from this species appear to 
have the same solubility properti e s .  These properties and the solvents 
u s ed in the study are shown in Table l. 
The fluo r e s c ent pigment from the mucus of A. kochi and the 
pigment produced b y  the P s eudomonas isolates both exhibited the same 
dialytic property. After 24 hours, fluo resc ence was appa rent on both 
sides of the dialyzing membrane. 
Autoclaving at 250°C. for 15 minutes at 15 p.  s. i .  did not appear 
to affect either of the fluores cent pigments .  
The pigment produced b y  the bacteria fluo resced blue -green in 
liquid Medium B .  At a pH of 7. 0, the pigment fluor e s ced blue much 
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like that of A .  kochi but wa s not as brilliant, and changed to fluoresc ent 
whiti sh-blue at a pH of 4. 0 and to blue-green at a pH of 10. 0. All color 
chang es were reversible. When the original solution was diluted 1:10 
with water, the blue-green fluo r e s c ence changed to a blue fluor e s c ence 
. of the same hue as found in the mucus of A. kochi . The diluted pigment 
did not show any color changes due to pH alterations. The pH of the 
mucus from A. kochi was found to be 7 .  0, and the blue fluoresc ent 
color did not cl:}.ange when the pH was altered to acidic and basic rang e s .  
Mucus from the recently collected specimens of A .  alternata emitted a 
blue-gr een fluo�escence, but when the mucus was diluted with water, a 
blue fluo rescen c e  was produced. 
. . 
The�e did not appear to be any differences in pigment production 
between thos e  ps eudomonads isolated from A. kochi and tho s e  isolated 
from M. thyroidu s .  Each culture isolated from the two snail species 
produced fl':1ores cent pigments that diffus ed evenly throughout the M�dium B 
Agar but did not diffu s e  throughout the Plate Count Agar, T r yptone Agar, 
and Peptone Agar. Fluorescence, when present, was restricted to the 
colonies proper. Pigment production by the cultures i solated from both 
snail species was vari�ble on Plate Count Agar and P eptone Agar.  
Approximately 50 per cent of these isolates produced fluores cent pigments 
in the two media while the others did not. The Tryptone Agar supported 
small white colonies when str eaked with the isolates from A. kochi and 
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M .  thyroidus, but fluor es cence was difficult to determine because of 
the reflection from the colonie s .  
The absorption peaks of  thos e  pigments formed by each culture 
i s olated from A .  kochi ranged from 2 5 8  to 270 nm and from 315 to 410 nm. 
Two peaks,. one at 2 6 5  nm and another at 400 nm were found to be 
characteristic of the isolat e s .  The spectra· o f  the mucus solutions from 
the non-fluorescent snail s ,  M. thyroidus and Liguu s,  were similar, each 
with a peak at about 270 nm (Fig . , 1-A).  When the supernatant of the 
fluorescent pigments produced by the simultaneous growth of the A. kochi 
i solates was added to a mucus solution from M. thyroidus, absorption 
peaks si�ilar to those of the supernatant alone were obtained (Fig s . , 1-A 
and 1 - B ) .  The absorption spectra of the supernatant-M.  thyroidus mucus 
solution were the same for the l: 3, l:  l,  and 3: l proportions. Figure 1 - B  
depicts the abso rption spectra o f  the bacterial pigment compared to the 
mucus solu.tion of A .  kochi . The spectra are somewhat similar with the 
peaks of the bacterial pigment at about 265 and 400 nm, and those of the 
mucus solution at about 2 6 5  and 3 8 5  nm. Changes in pH to 4.  0 and 10. 0 
appeared to have some similar effects on the abso.�ption spectra of both 
the bacterial pigment and the pigment from the mucus of A .  kochi {Figs. , 
2 - A  and 2 - B ) .  A t  a p H  of 4.  0 ,  the bacterial pigment had a peak a t  about 
3 2 0  nm with an inflection at about 405 nm. The mucus solution showed 
ab sorption peaks at about 310,  370,  and 450 nm. At a pH of 10.  0, the 
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bacterial. pigment showed peaks at about 235, 270, and 400 nm. Absorption 
peaks at about 225, 290, and 365 nm appeared when the mucus solution was 
altJred to the same pH. O s cillations occurred in all spectra recorded in 
the acidic and basic rang e s .  ·when the pH was 4. 0, o s cillation began at 
about 305 nm for both the bacterial pigment and the mucus solution. At 
a pH of 10.  0, the recordings of both the bacteri�l pigment and the mucus 
solution showed o scillations beginning at 215 nm. 
I 
The efforts to prevent fluorescence. in living specimens of A .  kochi 
were a failure. The snails died within 18 hours after the temperature and 
chloramphenicol experiments were 'started. 
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DISCUSSION 
King ·� al. (1954) stated that if only one medium could b e  used 
I 
for general use, Medium B would be suitable for detecting P seudomonas. 
They observed that a slight yellowing of either Medium A or B was the 
most frequently observed reaction with bacteria other than Pseudomonas 
and upon examination with ultra-violet light, the foreign substance would 
not fluo r esce.  According to the Difeo Supplementary Li'terature (1966),  
oxidase differentiation discs may be used to differentiate strains of 
Pseudomonas from other organisms, a positive reaction indicative of the 
g e nus. Osawa et al . (1963)  used the production of fluorescent pigments 
and the oxidase reaction to confirm their Pseudomonas identifications. 
Since the colonies used in this study produced fluorescent pigments on 
Medium B and w e r e  oxidase positive, gram negative rods, their id entification 
. . 
. ·. 0 
to the genus Pseudomonas appears to b e  justifi ed.  Colwell and Liston (1961) 
discussed the difficulty they encountered using B ergey' s Manual (B reed 
et  al. , 1957) to i d entify their strains of Pseudomonas to species� Fbr 
this reason, no attempt was made to identify any of the 63 isolates b e yond 
the genus level. 
The literature indicates that Pseudomonas is a predominant genus 
of bacteria found in many marine molluscs. The r esults from this study 
indicate that P seudomonas is present in the mucus of A .  alternata, A .  kochi, 
and M. thyroidus. It is likely that these bacteria may also b e  found in the 
mucus of other species of land snails. Since Pseudomonas has b e en isolated 
2 6  
from fluorescent and non- fluorescent mucus alike, a presence-absence 
aspect of these bacteria does not appear to be r e sponsible for the 
fluore scence in some snail speci e s .  However, the�r presence establishes 
a potential for the production of diffusible fluor e s c ent pigments in the 
mucus of c e rtain land snails .  If  Ps eudomonas i s  re sponsible for this 
phenomenon, the physiology of the fluorescent snails may be re sponsible 
for the production of substanc es like or unlike tho s e  found in Medium B 
which enable the bacteria to produce the fluorescent pigment. Conv e r s e.ly, 
�her.e may be sub stances, such as iron, in the non-fluor e s c ent mucus 
that inhibits the liberation of the pigment. In describing the media for 
the supp<:> rt of pigment production, King et al. (19 54) stated that the 
us efulness  of a· culture medium i s  dete rmined not only by the presence of 
c ertain necessary constituents, but also by the absence, or minimal 
conc entrations of substance s  which ma·y have adve r s e  effects. Thi s 
principle i s_ applicable to the constituents of snail mucus in regard to its 
. role a s  a medium for the enhancement of fluor e s c ent pigments produced 
by species of P s eudomona s .  The re sults from p r evious work i n  developing 
i d eal media for fluor e scent pigment production are u seful for speculating 
the nature of mucus which would permit the production of fluo r e s c ent 
pigments.  It would appear that sulfates (Sullivan, 1905,  Georgia. and Poe, 
1931, King et al. , 1948), phosphates {Sullivan, 1905,  Georgia and Poe, 1931, 
Burton et al. , 1948, King et al. ,  1948, 1954), and magnesium (Georgia and 
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P oe, 1931; King� al. , 1948) are necessary inorganic constituents 
for the production of such pigments, Burton et al . (1948 ) ,  King et al. 
I 
. -- --
U948). K·night (1951), Totter and Mo seley (1953) ,  and Kraft and Ayres 
(1964) all indicated that the amount of.free iron in such media should be .. 
minimal.  Therefore, it i s  possible that the mucus from nan-fluores cent 
snails may lack sulfates, phosphates, and magnesium; o r  have a high 
concentration of iron; or both. Conversely, the mucus from A .  kochi 
may contain sulfates, phosphates, and mag
.
nesium; have a low content o! 
free iron; or both. The media u s ed by Georgia and P o e  (1931, 1 9 3 2 ) ,  
King e t  al . (1954),  and O s awa� al. .  (1963) all had their p H  near o r  a t  
neutrality. The mucus from A. kochi was found to have a pH of 7 .  0 ,  
indicating another factor which may be o f  importanc e .  
Paton (1959), O sawa e t  a l .  (196 3 ) ,  and Wa s s erman (1965)  found 
that the presence of fluor e s cence wa s not dependent upon the bacterial 
pigment �eing visible to the naked eye.  The mucus fro.m A. kochi was 
similar in that fluor e s cence was still present when the amber pigment
. 
was 
not visible .  Both fluo res cent substances dialyzed, sugge sting a small 
molecular size, and withs�ood autoclaving, an indication that the fluo r escing 
substanc es are not made of protein. The s e  r e sults and the solubility 
properties indicate that the fluorescent substance in the mucus and the 
fluore s c ent substance produced by the bacteria are similar. 
" . 
It was found that the blue-green fluores cence liberated b y  the 
P s eudomonas i solates changed to qlue when the pH wa s 7. 0 .  Also, when 
the original pigment was diluted, a blue fluo res cence was emitted 
which did not change color wh�n the pH was altered.  Although the 
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mucus from A .  kochi fluo resced blue and not the l;>lue-green shown 
by the bacterial pigment, the pH of the mucus was found to b e  7 .  0 
indicating that if the bacterial pigment i s  p r e s ent in the mucus ,  it 
would produce a blue fluorescence.  The blue fluore s c enc e of the mucus 
did not chang e color when the pH was altered. The diluted bacterial 
pigment reacted in the same manner ,  suggesting that if the bacterial 
pigment is in the mucus, its quantity is minute. The pH of the mucus and 
the small quantitie s  of the bacte rial pigment may both be responsible for 
the fluo r e s c ent color of the mucu s .  These results show a n  even g r eater 
likeness betwe"en the fluo r e s c·ent substances in the mucus and thos e  
· produced b y  P s eudomonas. It is  reasonable to a s sume that a low oxygen 
tension exists in the mucus of land snails such as A .  kochi. Lenhoff 
(1963) foun� that when P .  fluor e s c en s  wa s grown at a low oxygen tens ion 
(non-aerated) containing less than 8x10- 6 M ferric chlo ride, a blue 
fluorescence was produced with only a trace of pyoverdine being excreted 
,. 
into the medium. This further substantiates the blue fluo r e s c ence in 
the mucus with respect to small quantities of bacterial pigment. It also 
suggests that oxyg en tension and iron conc entration may affect the 
fluorescent color of the pigment. 
Although this study was primarily concerned with A .  kochi, the 
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blue fluorescence i n  the mucus o f  A .  alternata appears to be identical 
to that of A .  kochi . Having isolated P s eudomonas from members of both 
I 
of the s e  congeneric speci e s ,  it is  po s sible that whatever is  causing 
fluo r e s c ence in A. kochi may also be responsible for the fluo rescence in 
A. alternata. The blue-green fluorescent pigment in recently collected 
specimens of A. alternata r e s embles the bact·erial pigment both in original 
color and in the fact  when the mucus was diluted with water, the fl:uor e s cence 
changed to blue. The pre sence of both the blue and blue-green fluores.cence 
i n  the mucus of A .  alternata i s  compatible with the hypothesis that pigment 
production by P s eudomonas may b e  a func'tion of the physiology of the snail. 
When grown on Medium B, Plate Count Agar, T r yptone Agar, and 
Peptone Agar, there did not appear to be any significant differences in 
pigment production among the cultures i solated from A .  kochi and tho s e  
· i solated from M .  thyroidus". Therefore, it i s  not apparent that A .  kochi 
has selected for strains of P s eudomonas who s e  nutri�ional requirements 
a r e  mor e  easily satisfied for pigment production than a re thos e  found in 
M. thy:roidus. Once again, it appea r s  that the fluo r e s c ence in the mucus i s  
dependent upon the physiology of the snails rather than the metabolism of 
the bacteria. 
The mucus from A. kochi, M. thyroidus, and Liguus and the 
bacterial pigment all had an absorption peak at about 2 6 5  nm (pH 7 � 0 ) .  
Only the mucus from A .  kochi and the b.acter
.
ial pigment had a second 
3. 0  
ab so rption maximum a t  about 3 8 5  and 4 0 0  nm re spectively. Consequently, 
it appears that these s econd pea·ks a r e  related to the fluoresc ent nature 
I 
of the sub stanc e s .  Wass erman (1965) suggest�d that a n  absorption peak 
at 2 6 0  nm may b e  due to nucleic acids liberated into the medium b y  the 
degradation of non-visible cells by other bacteria. The pres ent study has 
established that P s eudomonas is pre sent in the mucus of A. kochi and 
M. thyroidus and it ve ry likely that they are also pres ent in the mucus 
of Liguus .  Therefore, nucleic aci d s  may b e  liberated into their mucus, 
thus causing absorption peaks at about 2 6 5  nm for the mucus of the s e  
snail s .  
The absorption maxima at about 2 6 5  and 400 nm appear to b e  
indicative of the fluo r e s c ent pigments produced b y  the P s eudomonas isolate s .  
Variable re sults obtained b y  other workers (Hugo and Turner, 1957,  Elliot, 
1958,  Kraft and . Ayres,  1961, Osawa et al . ,  1964, Was s e rman, 1965,  Newkirk 
and Hulcher, 1969) regarding absorption maxima of P s eudomonas pigments 
i s  in accordance with the variation in · maxima among the pigments produced 
by the i s olates in this study. However, maxima near 2 6 5  and 400 nm for 
the pigments in thi s study are also characteristic for the ab sorption maxima 
recorded b y  these worke r s .  
The absorption curves o f  A .  kochi mucus and the bacterial pigment 
a r e  similar except the peak at about 400 nm for the bacterial pigment does 
not perfectly match the peak at about 3 8 5  nm for. the mucus. It must be 
remembered that neither of the fluo r e s cing substanc e s  in thi s study have 
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been is ol�ted and purifi e d .  It is  po s sible that during the P!Oduction of 
the bacterial pigment in the snail, something in the mucus may b e  
meiabolized b y  the bacteria that i s  a part of the fluo r e s c ent compound 
which shifts the peak to a lower wavelength. This is substantiated b y  the 
fact that the absorption maxima of the bacterial pigment with the addition 
of M. thyroidus mucus gave peaks re sembling tI:io s e  up the bacterial 
pigment alone. This indicates the peak at about 385 nm may not be merely 
I 
a function of the physical mixing of the mucus and the bacterial pigment 
but a function of microbial metabolism. 
The effects of pH on the absorption spectra of the two pigments do 
not correlate with the spectra of P s eudomonas pigments reported b y  
Osawa et al. (1964) and Newkirk and Hulcher (1969).  The o s cillations and 
absorption maxima found in this study are unique. At first, the os cillations 
appeared to be artifacts;  however ,  they disappeared when water blanks 
were recor�ed and then reappeared when the pigments were recorded for a · 
second time. Therefore,  they appear to b e  characteristic of the pigm.ents 
and not artifacts.  A lthough the corresponding buffer was u s ed a s  a 
.... 
reference at each pH, it i s  pos sible that the buffer may have reacted· with 
the pigments,  thus altering the absorption curves. If thi s is  true, the 
o s cillations show that the buffer probably reacted with both pigments in a 
similar manner, for the os cillations begin at the same wavelength for each 
pigment at each pH. The two substances al so have several absorption peaks . 
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in common. At a pH of 4. 0, the bacterial pigment had a peak at about 
3 2 0  nm which is  near that of about 310 nm for the mucu s .  A t  the pH of 
1 0 .  0, the bacterial pigment had peaks at about 2 3 5  and 2 7 0  nm which are 
neai: the peaks at  about 2 2 5  and 290 nm for the mucus. Osawa et al. 
(1964) believed that a change occurs in the structure of the bacterial 
pigment between a pH o� 4. 0 and 5 .  0 .  Such a chang e may account for the 
chang e in absorption spectra r_ecorded in the acidic range. Perhaps a 
similar change occurs when the substance s  a r e  made alkaline. Emission 
values of the mucu s and bacterial pigment could not be obtained becau s e  
the r e  was no acc e s s  to a spectrophoto-fluorometer. 
It has been well e s tablished that pyocyanin is  soluble in chloroform 
(Sullivan, 1905,  Veron, 1961, Azuma and Witter, 1964) while the fluoresc ent 
pigments produced by P s eudomonas a r e  not (Sullivan, 1905,  Veron, 1961, 
Wasserman, 1964) . Since Medium B i s  selective for the production of 
pyoverdine ·and the pigment produced on this medium was insoluble i n  
chloroform, it i s  likely that the pigment i s  pyoverdine, especially since the 
fluore s c ent color characteristics and the abso rption spectra at pH 7 .  0 are 
similar to tho s e  d e s c ribed in the literature for this pigment. 
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CONC LUSIONS 
P s eudomonas which produce fluores cent pigments are present 
i n  the mucus of Angui spi ra alternata, Anguispira· kochi, and 
Mesodon thyroidus. The fluo res
.cent pigment in the mucus of A. kochi 
has physical cha racteristics and absorption spectra very much like the 
bacterial pigment'produced b y  P s eudomonas i s olated from the mucus of 
thes e  snails. Although the results are not totally conclusive, they do 
show beyond a reasonable doubt that P s eudomonas is  the causative agent 
of fluo r e scence in the mucus of A .  kochi. The i s olation and purification 
of each fluore·scent substanc.e as well as a chemical analysis of mucus 
from fluo r e s c ent and non-fluor e s c ent snails would b e  advantag eous in 
further studie s .  
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TABLE l. Solubility properties of the fluor e s cent bacterial and 
mucus pigmentsa 
Solvent Bacterial pigment 
Water + 
Methyl alcohol (absolute) + 
Ethyl alcohol (85%) + 
Isopropyl alcohol (ab solute) + 
F o rmaline (10%) + 
�'ilacial acetic acid (cone. ) + 
Hydrochloric ac:id (cone . ) + 
Glycerine + 
Acetone + 
Dioxane + 
Chloroform 
Ether 
Amyl acetate 
Aniline 
B enzene 
E s sence of Euparal 
Winterg reen oil 
Xylol 
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insoluble 
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FIG. 1. Absorption spectra (pH 7. 0) of snail mucus s olution s ,  mucus 
solutions with bacterial pigment, and bacterial pigment. 
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FIG. 2 .  Ab sorption spectra o f  A .  kochi mucus solution and bacterial 
pigment at (A) pH 4. 0 and (B) pH 10. 0 .  
